We investigate the ground-state energy and spin of disordered quantum dots using spin-density-functional theory. Fluctuations of addition energies (Coulomb-blockade peak spacings) do not scale with average addition energy but remain proportional to level spacing. With increasing interaction strength, the even-odd alternation of addition energies disappears, and the probability of non-minimal spin increases, but never exceeds 50%. Within a two-orbital model, we show that the off-diagonal Coulomb matrix elements help stabilize a ground state of minimal spin. 71.15.Mb, 71.70.Ej, 75.75.+a Typeset using REVT E X 1
where the density is ρ(r) = σ ρ σ (r) = σ i |Ψ σ i (r)| 2 , and the sum is taken over the N lowest-energy orbitals. Here σ denotes the spin index, ζ(r) is the local spin polarization, and E xc [ρ, ζ] is the exchange-correlation energy functional [23] . We use the effective mass for GaAs, m * = 0.067m, and a two-dimensional harmonic-oscillator confining potential with hω 0 = 3.0meV. The dimensionless interaction strength is measured by (e 2 /κℓ 0 )/hω 0 or r s
[24] and is controlled by changing the dielectric κ, where κ = 12.9 for GaAs.
We use the same parameters for the total impurity potential V imp (r) = i (γ i /2πλ 2 )exp (−|r − r i | 2 /2λ 2 ) as for a previous study of spin-polarized dots [25] . The density of individual impurities is n imp = 1.03 × 10 At low temperatures, electron hopping into a dot is suppressed except when the groundstate free energies for N − 1 and N electrons are degenerate. This condition determines the position of the Nth conductance peak. The Nth peak spacing or addition energy is given
, where the ground-state energy E(N) is obtained from Diagonalization studies on small lattices also find a significant fraction of S = 1 ground states, with a smaller likelihood of S = 3/2 [15] . The onset of high-spin ground states occurs at smaller r s ∼ 0.2, and addition-energy fluctuations are larger, scaling as 10-20% of the average addition energy. We attribute these differences to weak screening in the lattic models due to the low dimensionless conductance of g = 0.1 − 0.3, compared to g ∼ 2 in our dots.
Berkovits [15] has argued that high-spin ground states are favored not only by exchange energy (which favors spin alignment) but also by the enhanced Coulomb repulsion between two electrons in the same spatial orbital. Opposing these effects is the single-particle energy cost of promoting an electron to a new orbital. He observes that it is much more likely to find two orbitals close in energy, producing an S = 1 ground state, than to find three orbitals close in energy, as required for an S = 3/2 ground state.
These arguments are consistent with our SDFT results up to r s ≃ 1, but do not account for the observed saturation of the probability of high-spin ground states at larger r s . To of the other electrons in the dot. The energy of the three degenerate S = 1 states isẼ(S = 1) = ǫ n + ǫ n+1 +Ũ n,n+1 −X n,n+1 , whereŨ n,n ′ = e φ n,n (r)ρ 0 n ′ ,n ′ (r)dr is the screened Coulomb interaction between two electrons in orbitals n and n ′ , andX n,n ′ = e φ n,n ′ (r)ρ 0 n ′ ,n (r)dr is the screened exchange interaction. Here,φ n,n ′ (r) is the screened potential due to an electron, which is evaluated in Fourier representation asφ n,n ′ (q) = (2πe/κ|q|)(ρ where v q = 2π/q and the susceptibility χ(q) = −(e 2 /κ)(dn/dµ)F (q/2k F ). The Lindhard polarizability for 2D is F (x) = 1 for x ≤ 1 and
The energyẼ(S = 0) of the lowest S = 0 state is obtained by diagonalizing the following 3 × 3 matrix;
where the off-diagonal Coulomb matrix elements areŨ n,n,n,n ′ = e φ n,n (r)ρ 0 n,n ′ (r)dr. We find that the magnitudes of theŨ n,n,n,n ′ are comparable to the exchange energyX n,n+1
[20]. It is seen in Fig. 2(b) that for the two-orbital model the average of ∆Ẽ ≡Ẽ(S = 0) −Ẽ(S = 1) agrees reasonably well with our SDFT results for all strengths of interaction.
In contrast, placing the two electrons in the lowest single-particle orbital φ 0 n (r), gives an energy 2ǫ n +Ũ n,n which is significantly larger thanẼ(S = 0) at large r s . Even the Hartree- [20] P. Jacquod and A. D. Stone, Phys. Rev. Lett., 84, 3938 (2000).
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